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A p r o c e d u r e for the compute r genera t ion of a t h e s a u r u s f rom a se t 
of d e s c r i p t o r s , manua l ly ass igned to the documents in a l i b r a r y , is des-
c r ibed . Recogn i ses only a q u a s i - a s s o c i a t i v e r e l a t i onsh ip among d e s c r i p -
t o r s . The specif ic advantages of the t h e s a u r u s as an open-ended one, the 
keywords de r ived f rom actual documents being the m o s t helpful in r e t r i e v -
ing the documen t s , and as an aid in informat ion s e a r c h in the c o l l e c t i o n 
a r e pointed out. Computa t iona l p r o c e d u r e s for genera t ing the t h e s a u r u s 
include keyword s t a t i s t i c s , m a t r i x invers ion , ca lcu la t ion of s i m i l a r i t y 
m a t r i x using Tan imoto coefficient, au tomat ic c l u s t e r ana lys i s using m i n i -
m a l - t r e e p r o c e d u r e , and compi la t ion of groups and m a i n groups of des-
c r i p t o r s a r e given. An a lgo r i thm for the graphic d i sp lay of the m a i n 
groups of d e s c r i p t o r s has been fo rmula ted . The main d isadvantage of the 
p r o c e d u r e is that only a l imi ted number of keywords can be p r o c e s s e d 
within a r e a s o n a b l e compute r CPU t i m e . Points out that the p r o c e d u r e 
can be applied to a l i b r a r y of 10, 000 to 20, 000 documents with a keyword 
base of 1, 000 words using about 3 h o u r s of computing t i m e . 
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1 GENERAL CONSIDERATIONS 
The b a s i c p r e r e q u i s i t e for the e s t a b l i s h -
ment of an au tomat i ca l ly cons t ruc t ed t h e s a u r u s 
is the exis tence of an indexed corpus of docu-
ments. In the case of the l i b r a r y of the Z e n t r a -
larchiv fur Hochschulbau, S tu t tgar t , t he re has 
been available a co rpus of 5, 900 manua l ly in-
dexed documents (1). We suppose that, even if 
the indexing has been done careful ly it is s t i l l 
a rather subject ive work and we should use the 
minimum of fu r ther a s s u m p t i o n s to produce a 
thesaurus, which we call , on account of i ts 
iater-indexer incons i s t ency , a p r a g m a t i c t h e -
saurus (3), Defining t h e s a u r u s as an i n t e r -
related l is t of key words of the a r e a of know-
ledge which is under cons ide ra t ion , the quest ion 
can be ra i sed how to l imi t the a r e a of knowledge 
and haw to decide which key words do belong to 
this area, s ince new b r a n c h e s of sc ience develop 
their vocabular ies f a i r ly rap id ly and even chan-
ges of meaning occur as t ime goes on. A p r a g -
matic thesaurus such as ou r s impl i e s some 
basic assumpt ions . F i r s t l y , we a s s u m e d e v e r y 
document en te red into the l i b r a r y is r e l evan t 
£or this a r e a of knowledge- Secondly, the manu-
ally assigned key words for e v e r y document a r e 
taken to be the m o s t r e l evan t ones . Th i rd ly , 
there is only one type of i n t e r r e l a t i o n between 
the key words, name ly a q u a s i - a s s o c i a t i v e r e -
lation of every key word of a document to all 
other key words of that document . Having 
adopted these a s s u m p t i o n s to a spec ia l l i b r a r y 
you need but to do some mach ine ca lcu la t ions 
and a t h e s a u r u s is a lmos t ready , A p r o c e d u r e 
such as this fac i l i ta tes the up-dat ing of a thesau-
r u s , wheneve r sufficient addi t ional documents 
have been e n t e r e d into the l i b r a r y . A deta i led 
speci f ica t ion of the a r e a of i n t e r e s t is not n e c e s -
s a r y , s ince the indexed document col lec t ion can 
be unders tood as a de sc r i p t i on of it. In addit ion 
to that the l i s t of key w o r d s need not - should 
not - be fixed in advance . It should r a t h e r be 
an open ended l i s t , adding new key words when-
e v e r it is felt n e c e s s a r y . As to the meaning of 
the key words , i t can be taken that e v e r y key 
word is defined by the content of the document 
or documents to which i t has been a s s igned in 
the indexing p r o c e s s . 
The m a i n advantage of a p r a g m a t i c t h e -
s a u r u s de r ived f rom actual documents i s tha t i t 
will be a p r inc ipa l r e t r i e v a l aid for those docu-
m e n t s , and i t will a l s o aid the u s e r to find a p p r o -
pr ia te combinat ion of key w o r d s which would 
give s a t i s f a c t o r y r e t r i e v a l r e s u l t s which he 
expec t s f rom the s y s t e m . 
F u r t h e r , a p r a g m a t i c t h e s a u r u s can be 
a v e r y good d i s c u s s i o n b a s i s for any conference 
i n t e r e s t e d in es tab l i sh ing a t h e s a u r u s on a s i m i -
l a r a r e a of r e s e a r c h . T h e r e will be no need to 
a rgue by m e a n s of a r b i t r a r y e x a m p l e s m a d e off-
hand by the p a r t i c i p a n t s of the confe rence , be-
cause a p r a g m a t i c t h e s a u r u s will contain an 
adequate n u m b e r of different e x a m p l e s along 
with the f requency counts f rom which one m a y 
draw conclus ions m o r e eas i ly than f rom f ic t i -
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t ious e x a m p l e s . The m a i n r e s t r i c t i o n of the 
a p p r o a c h d e s c r i b e d h e r e , i s the l i m i t e d n u m b e r 
of key w o r d s which can be p r o c e s s e d within 
r e a s o n a b l e c o m p u t e r CPU t i m e . We guess that 
the p r o c e d u r e s can he appl ied to a l i b r a r y of 
some 10, 000 - 20, 000 documen t s wi th a key 
w o r d r e p e r t o i r of 1000 w o r d s using not m o r e 
than 3 h o u r s of ca lcu la t ion t i m e . 
23 Calcu la t ion of S i m i l a r i t y M a t r i x 
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COMPUTATIONAL PROCEDURES 
Key Word S t a t i s t i c s and M a t r i x 
I n v e r s i o n 
The l i b r a r y of the Z e n t r a l a r c h i v fur 
Hochschulbau keeps al l i t s documents with a 
n u m m e r u s c u r r e n s for ident i f ica t ion (5, 7). 
F o r e v e r y key word, t h e r e i s a p e e k - a - b o o c a r d 
c a r r y i n g the n u m b e r s of the documen t s to which 
th i s key word h a s been a s s i g n e d dur ing the 
manual indexing p r o c e s s . The in fo rmat ion on 
the p e e k - a - b o o c a r d s have been key punched 
coding the key w o r d s with a n u m b e r . The s t a -
t i s t i c a l eva lua t ion came up with two tab les con-
ce rn ing the k e y word f requency and the indexing 
depth. The g r aph i c d i sp lay shows that m o s t 
key w o r d s have been used be tween 20 and 400 
t i m e s . The indexing depth shows that on the 
a v e r a g e a document has been indexed with 4 to 
12 d e s c r i p t o r s . Because the r e p r e s e n t a t i o n of 
all documen t n u m b e r s pe r key word is a m a t r i x 
i t was n e c e s s a r y to m a k e a m a t r i x i n v e r s i o n to 
get all k e y w o r d s pe r document . 
22 A s s o c i a t e Re la t ionsh ip 
I t is a s s u m e d that t h e r e is an a s s o c i a -
t ive r e l a t i o n be tween e v e r y two d e s c r i p t o r s 
(= Key words ) , wheneve r they have been a s s i g n -
ed to one or m o r e documen t s The reduc t ion 
of all poss ib l e types of r e l a t i ons to a s ingle one, 
not d i s t inguish ing be tween them at al l , is the 
r e a s o n why we cal l our t h e s a u r u s a p r a g m a t i c 
one. In spi te of the fact that t r u e s e m a n t i c a n a -
l y s i s would be a v e r y useful thing, t h e r e a r e up 
to now no c o m p u t e r i z e d s y s t e m s known, which 
would do th i s for a r ea l l i b r a r y . Even in te l lec-
tual t h e s a u r u s c o n s t r u c t i o n is a v e r y h a r d and 
t ime consuming t a sk , so that m a n y au thors 
have not speci f ied the type of r e l a t i o n between 
key w o r d s for manua l ly compi led t h e s u a r i (8). 
We checked our p r o c e d u r e aga ins t the r e c o m -
menda t ions for the e s t a b l i s h m e n t of monol ingual 
t h e s a u r i (3) and found it to be within the r u l e s . 
The a s s o c i a t i v e r e l a t i o n between two d e s c r i p t o r s 
is unde r s tood to be independent of the sequence 
and of the context of poss ib le o ther d e s c r i p t o r s . 
All p a i r s of d e s c r i p t o r s have been checked even 
if the combina t ion of some d e s c r i p t o r s do not 
m a k e s e n s e . , 
The s i m i l a r i t y m a t r i x has been calcu-
l a t ed on the b a s i s of the T a n i m o t o coefficient for 
which is a function of the f r equency of the des-
c r i p t o r A and the f r equency of d e s c r i p t o r B 
and of the f requency of the two d e s c r i p t o r s taken 
t o g e t h e r C. 
TANIMOTO C O E F F I C I E N T 
C 
f = 
A + B - C 
A = FREQUENCY OF THE DESCRIPTOR A 
B = F R E Q U E N C Y OF THE DESCRIPTOR B 
C = FREQUENCY OF THE DESCRIPTORS 
A AND B TOGETHER 
The ca lcu la t ion of the s i m i l a r i t y matr ix 
was the m o s t t ime consuming one, because 
450, 000 combina t ions had to he checked whether 
t h e r e is a c o m m o n f requency C different from 
z e r o and some 45, 000 Tan imo to coefficients 
had to be ca l cu la t ed . Since the n e c e s s a r y com-
pu te r t ime of one and a half h o u r was not availa 
ble for a s ingle job, the s y m m e t r y of the simi-
l a r i t y m a t r i x h a s not been used, to make a re-
s t a r t of the p r o g r a m m e e a s i e r without passing 
all the r e s u l t s ca lcu la ted up to the break ing 
point . The input data, n a m e l y the inver ted file 
could be kept within the co re m e m o r y putting 
a lways t h r e e in t ege r n u m b e r s into one word 
using a MASK/SHIFT sub rou t ine . The com-
plete s i m i l a r i t y m a t r i x has been p r i n t e d out, the 
coded key words w r i t t e n in p la in text along with 
t he i r abso lu te and r e l a t i ve f requency counts. 
Accord ing to sugges t ions of Ivanova (4) only 
those d e s c r i p t o r s should be a s s u m e d to be re-
la ted whose Tan imo to coeff ic ients sum up to 
half of all coeff ic ients of the s a m e l i ne . We did 
use an a p p r o x i m a t i o n to the p r o p o s a l of Ivanova 
putt ing al l t hose d e s c r i p t o r s into one group, 
which have a Tan imo to coefficient g r e a t e r than 
the m e a n value of that l i ne . The r e s u l t of this | 
p r o c e d u r e was a l i s t of as m a n y overlapping 
groups as t h e r e were d e s c r i p t o r s . A manipula 
t ion was made concern ing the v e r y r a r e and the 
v e r y f requent d e s c r i p t o r s . All th i r tye igh t des-
c r ip to r s a p p e a r i n g once and six d e s c r i p t o r s 
a p p e a r i n g m o r e than 500 t i m e s have been deleate 
f rom the a n a l y s i s , such that t h e r e w e r e left 710 
d e s c r i p t o r s A s i m i l a r r e c o m m e n d a t i o n has 
been m a d e by Sal ton for the SMART system. 
The l i s t of the r e su l t i ng 710 d e s c r i p t o r groups 
c o r r e s p o n d s to the a lphabe t ica l l i s t s in t radi -
t ional t h e s a u r i , excep t that th i s l i s t does not 
d i s t ingu i sh different types of r e l a t i o n s . 
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24 Automat ic C l u s t e r Ana lys i s 
In gene ra l , t h e r e is a s y s t e m a t i c pa r t 
and an alphabet ical pa r t in e v e r y t h e s a u r u s . 
The sys temat ic pa r t d e s c r i b e s the a r e a under 
consideration by m e a n s of some subse t s of the 
keywords. The au tomat ic p r o c e d u r e for c l u s -
ter analysis can be divided into those which 
produce s e p a r a t e d c l u s t e r s and those which 
produce over lapping c l u s t e r s . Since in our 
case the a lphabet ica l l i s t of d e s c r i p t o r 
groups is a l r e a d y over lapping we decided to use 
the min ima l - t r ee p r o c e d u r e which divides all 
keywords into exact ly s e p a r a t e d groups The 
name of the m i n i m a l - t r e e p r o c e d u r e d e r i v e s 
from the fact that a m a t r i x of d i s t ances has been 
used in the o r ig ina l work (6), choosing the m i n i -
mal distance between the w o r d s . In our ca se 
we had the s i m i l a r i t y m a t r i x as a b a s i s , so it 
is obviously the m a x i m u m of the s i m i l a r i t y 
which co r r e sponds to the s a m e p r o c e d u r e . We 
have kept the name insp i te of using the opposi te 
measure. 
The m i n i m a l - t r e e p r o c e d u r e i s s t a r t e d 
with an a r b i t r a r y d e s c r i p t o r . A second d e s -
criptor is picked up out of the group of d e s c r i p -
tors of the f i r s t one, so that the second one has 
maximum s i m i l a r i t y to the f i r s t . The th i rd 
descriptor has to have the m a x i m u m value of 
similarly to one of the p r e d e c e s s o r s , and is 
linked co r respond ing ly The p r o c e d u r e has to be 
continued until all d e s c r i p t o r s have e n t e r e d the 
tree exactly once . The t r e e obtained by this 
procedure is independent f rom the s t a r t i ng point 
as to the sum of all s i m i l a r i t i e s which have been 
entered into the t r e e . To cut the m i n i m a l - t r e e 
into pieces it is r e c o m m e n d e d to use an a r b i t -
rary level of s i m i l a r i t y which should be s u r -
passed unless a b r a n c h of the t r e e is not to be 
cut off (2). A s e r i e s of t r i a l s showed that an 
appropriate level of s i m i l a r i t y is h a r d to define, 
since too low a level does not b r e a k the t r e e 
into a sufficient number of f r ac t ions , some 
being very l a r g e , o the r s being v e r y s m a l l . The 
number of f rac t ions i n c r e a s e s as the level of 
similarity i n c r e a s e s at which the b r a n c h e s s tand 
the cutting t r i a l s , but unfor tunately the s ize of 
the fractions d e c r e a s e s m o r e rap id ly so that 
a number of s ingle d e s c r i p t o r s were found to 
form c lu s t e r s of t h e i r own To finish a f i r s t 
version of our t h e s a u r u s we dec ided to cut the 
minimal t r e e manua l ly using the m e a n value of 
all s imi lar i t ies as dec is ion aid. I will r e t u r n 
to this point at the end. The a r b i t r a r y divis ion 
of the min imal t r e e could be made such that all 
fractions a r e a l m o s t of the same s i ze . We have 
23 so called m a i n groups each containing some 
JO descr ip tors , which is a quickly scannable 
size. The definit ion of our groups and main 
groups is analogous to the facet and s e m a n t i c 
c l a s s e s in t r ad i t i ona l t h e s a u r u s work. 
3 COMPILATION OF GROUPS AND 
MAIN GROUPS 
This p a r t of the total p r o c e d u r e is 
ma in ly for output p u r p o s e s . I t p r o d u c e s l i s t s 
of a l l g roups of d e s c r i p t o r s indicat ing the 
number of the m a i n g roups within which a d e s -
c r i p t o r can be found. Th i s s c h e m e of r e f e r ence 
among the d e s c r i p t o r s will be of g r e a t use to 
one who is t ry ing to r e t r i e v e documents on the 
b a s i s of key words but has not found the p r o -
pe r key word combinat ion to get the r e l evan t 
d o c u m e n t s . Using the r e f e r e n c e s he can 
change his key word combinat ion s tep by s tep , 
a lways checking the s t a t i s t i c a l neighbourhood 
of any key word . The l i s t of main g roups has 
been pr in ted along with two se l ec t ed key words 
which m a y be some s o r t of intui t ive r e p r e s e n -
ta t ives for the m a i n g roups , This me thod too 
has to be r ep l aced by some be t t e r , object ive 
me thod when a r ev i s i on of the t h e s a u r u s is 
m a d e . To make the c l u s t e r s of the m a i n 
groups e a s i e r to read a g raph ic r e p r e s e n t a -
t ion has been produced by the p r o g r a m d e s -
c r ibed in the next sec t ion . 
4 GRAPHIC DISPLAY OF THE 
MAIN GROUPS 
The g raph ic d i sp lay was not a pr inc ipa l 
a im of this t h e s a u r u s p ro jec t , but the p r a c t i -
cal value of such a thing is well r e c o g n i s e d . 
T h e r e f o r e , the p r o g r a m n e c e s s a r y to do this 
has been des igned to be as e a s y as pos s ib l e , 
not s t r i v ing for the gain of c o m p u t e r and plot-
t e r t i m e . The a l g o r i t h m is based on an equ i -
dis tant g r id with l imi ta t ion in the d i r e c t i o n of 
the one ax i s . The difficulty was to find a f ree 
p lace for e v e r y point which h a s to be e n t e r e d 
into the t r e e such that a line could be d rawn 
not c rea t ing ambigui ty concern ing p rev ious ly 
drawn l ines . Th i s has been solved by the 
se lec t ion of 32 points which could neve r p r o -
duce confusion. Whenever t h e r e was a big 
c l u s t e r the re has been an aux i l i a ry rout ine to 
e s c a p e f rom that p a r t of the a r e a all filled up 
with po in t s . This e s c a p e could be made check -
ing the v e r t i c a l l ines at left and at r igh t for 
the n e a r e s t f ree point. Obviously this d rawing 
p r o c e d u r e could not r e p r e s e n t the s i m i l a r i t y 
by the g e o m e t r i c d i s t ance . But the m e a s u r e 
of s i m i l a r i t y s t r o n g e r than the m e a n value has 
been made vis ible by double l ines be tween the 
d e s c r i p t o r s . The main groups have been 
drawn in s e p a r a t e p i c tu re s as well as all t o -
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ge the r , r e p r e s e n t i n g the whole m i n i m a l t ree 
5 CONCLUSIONS 
* The procedures described here have 
enab led the a u t o m a t i c c o n s t r u c t i o n of a p r a g -
m a t i c t h e s a u r u s for a given m e d i u m s ized 
spec ia l l i b r a r y . T h i s t h e s a u r u s wil l be a 
va luab le r e t r i e v a l aid for the s a m e document 
co l l ec t ion f rom which i t has been der ived , 
Since the co l lec t ion has been m a n u a l l y indexed, 
th i s t h e s a u r u s cannot be an indexing i n s t r u -
m e n t except for e r r o n e o u s m i s u s e of key 
w o r d s . 
The p r o c e d u r e s for the c o n s t r u c t i o n 
allow for some m a n u a l s t e e r i n g of p a r a -
m e t e r s and cut-off v a l u e s . Bes ide s they a r e 
a l s o objec t ive p r o c e d u r e s which can be r e -
pea ted wheneve r n e c e s s a r y , p roduc ing an 
exac t mapping of a l l the m e a n i n g s of a l l the 
documen t s within the l i b r a r y . The b a s i c 
a s s u m p t i o n that m a n u a l indexing can be a 
good s t a r t i n g point i s a s s u r e d th rough the 
fact , tha t i t i s e a s i e r for an e x p e r t to say 
this is a valuable book for that l i b r a r y and it 
should be a s s i g n e d t h e s e d e s c r i p t o r s , which 
c a n be r e a d in the t i t le or the tab le of contents 
or the h e a d i n g s , than to a sk an e x p e r t o r e x p e r t 
conference "Which a r e the key words of the 
a r e a of knowledge which you a r e e x p e r t s in" ?. 
The a u t o m a t i c indexing of documen t s can be 
expec ted in the fu ture , but t h e r e is s t i l l a con-
s i d e r a b l e amount of work to be done on both 
s ides , l i ngu i s t i c and c o m p u t e r r e s e a r c h . We, 
t h e r e f o r e , hope tha t au toma t i c t h e s a u r u s con-
s t r u c t i o n is an a id for people looking into l i b r a -
r i e s to find the in fo rmat ion they need . 
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